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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a distortion 
compensation device capable of offsetting and 
suppressing distortions having optional phase relations 
to source signals over a wide band. 

SOLUTION: A branching part 101 branches multi-channel 
signals up-converted by using prescribed first local 
signals by a first frequency conversion part 104 into 
two. A second frequency conversion part 107 
down-converts one of branched signals by using 
prescribed second local signals. A third frequency 
conversion part 108 down-converts the other one of the 
branched signals by using signals wherein the second 
local signals are delayed by a prescribed delay amount 
Td. A distortion generation part 110 generates nonlinear 
distortions by using output signals from the third 
frequency conversion part 108. A combination part 111 
synthesizes and outputs the output signals from the 
second frequency conversion part 107 and the output 
signals from the third frequency conversion part 108. 
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Claims 

1 . A distortion compensation device for suppressing waveform distortion generated during 
the transmission or amplification of an electronic signal, equipped with a branching/phase-shifting 
part which takes the aforementioned electronic signal as an input and branches it into first and 
second signals with prescribed phase difference 0 for output, a transmission part which transmits 
the first signal output from the aforementioned branching/phase-shifting part, a distortion 
generating part having non-linear input/output transmission functions which takes the second 
signal output from the aforementioned branching/phase-shifting part as an input and generates 
distortion of a prescribed order (referred to as a compensative distortion hereinafter), and a 
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coupling part which combines the first signal transmitted by the aforementioned transmission part 
with the aforementioned compensative distortion of the prescribed order generated by the 
aforementioned distortion generating part for output. 

2. The distortion compensation device of Claim 1, in which the aforementioned 
branching/phase-shifting part contains a branching part which branches the aforementioned 
electronic signal into two signals for output, a first oscillation part which outputs a first local 
signal with prescribed frequency fi, a first frequency conversion part which applies prescribed first 
frequency conversion to one of the signals output from the aforementioned branching part using 
the first local signal output from the aforementioned first oscillation part as a local oscillation 
signal, a phase-shifting part which outputs the first local signal output from the aforementioned 
first oscillation part after shifting its phase by prescribed phase angle 0, a second frequency 
conversion part which applies prescribed first frequency conversion to the other signal output 
from the aforementioned branching part using the first local signal output from the 
aforementioned phase-shifting part as a local oscillation signal, a second oscillation part which 
outputs a second local signal with prescribed frequency f 2 , a third frequency conversion part 
which applies prescribed second frequency conversion to the signal output from the 
aforementioned first frequency conversion part using the second local signal output from the 
aforementioned second oscillation part as a local oscillation signal and outputs it as the 
aforementioned first signal (or the aforementioned second signal), and a fourth frequency 
conversion part which applies prescribed second frequency conversion to the signal output from 
the aforementioned second frequency conversion part using the second local signal output from 
the aforementioned second oscillation part as a local oscillation signal and outputs it as the 
aforementioned second signal (or the aforementioned first signal). 

3. The distortion compensation device of Claim 1, in which the aforementioned 
branching/phase- shifting part contains a branching part which branches the aforementioned 
electronic signal into 2 signals for output, a first oscillation part which outputs a first local signal 
with prescribed frequency fi, a first frequency conversion part which applies prescribed first 
frequency conversion to one of the signals output from the aforementioned branching part using 
the first local signal output from the aforementioned first oscillation part as a local oscillation 
signal, a second frequency conversion part which applies prescribed second frequency conversion 
to the other signal output from the aforementioned branching part using the first local signal 
output from the aforementioned first oscillation part as a local oscillation signal, a second 
oscillation part which outputs a second local signal with prescribed frequency f 2 , a third frequency 
conversion part which applies prescribed second frequency conversion to the signal output from 
the aforementioned first frequency conversion part using the second local signal output from the 
aforementioned second oscillation part as a local oscillation signal and outputs it as the 
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aforementioned first signal (or the aforementioned second signal), a phase-shifting part which 
outputs the second local signal output from the aforementioned second oscillation part after 
shifting its phase by prescribed phase angle 0, and a fourth frequency conversion part which 
applies prescribed second frequency conversion to the signal output from the aforementioned 
second frequency conversion part using the second local signal output from the aforementioned 
phase-shifting part as a local oscillation signal and outputs it as the aforementioned second signal 
(or the aforementioned first signal). 

4. The distortion compensation device of Claim 1, in which the aforementioned 
branching/phase-shifting part contains a first oscillation part which outputs a first local signal with 
prescribed frequency ft, a first frequency conversion part which applies prescribed first frequency 
conversion to the aforementioned electronic signal using the first local signal output from the 
aforementioned first oscillation part as a local oscillation signal, a branching part which branches 
the signal output from the aforementioned first frequency conversion part into two signals for 
output, a second oscillation part which outputs a second local signal with prescribed frequency f 2 , 
a second oscillation part which applies prescribed second frequency conversion to one of the 
signals output from the aforementioned branching part using the second local signal output from 
the aforementioned second oscillation part as a local oscillation signal and outputs it as the 
aforementioned first signal (or the aforementioned second signal), a phase-shifting part which 
outputs the second local signal output from the aforementioned second oscillation part after 
shifting its phase by prescribed phase angle 9, and a third frequency conversion part which applies 
prescribed second frequency conversion to the other signal output from the aforementioned 
branching part using the second local signal output from the aforementioned phase-shifting part as 
a local oscillation signal and outputs it as the aforementioned second signal (or the 
aforementioned first signal). 

5. The distortion compensation device of Claim 2, in which the aforementioned 
phase-shifting part outputs said first local signal after adding the delay expressed as 

Td = 0/(2ti ft) 

as delay Td equivalent to the aforementioned prescribed phase angle 0 for the first local signal 
with prescribed frequency ft output from the aforementioned first oscillation part to it. 

6. The distortion compensation device of Claim 3 or 4, in which the aforementioned 
phase-shifting part outputs said second local signal after adding the delay expressed as /3 

Td = 0/(271 ft) 

as delay Td equivalent to the aforementioned prescribed phase angle 0 for the second local signal 
with prescribed frequency ft output from the aforementioned second oscillation part to it. 

7. The distortion compensation device of one of Claims 2 through 6, in which 
aforementioned prescribed frequency ft and aforementioned prescribed frequency ft are equal. 
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8. The distortion compensation device of Claim 1, in which the aforementioned 
branching/phase-shifting part contains a branching part which branches the aforementioned 
electronic signal into two signals for output, an oscillation part which outputs a first local signal 
with prescribed frequency fi, a first frequency conversion part which applies prescribed first 
frequency conversion to one of the signals output from the aforementioned branching part using 
the local signal output from the aforementioned oscillation part as a local oscillation signal, a 
phase-shifting part which outputs the local signal output from the aforementioned oscillation part 
after shifting its phase by prescribed phase angle 0, a second frequency conversion part which 
applies prescribed first frequency conversion to the other signal output from the aforementioned 
branching part using the local signal output from the aforementioned phase-shifting part as a local 
oscillation signal, a third frequency conversion part which applies prescribed second frequency 
conversion to the signal output from the aforementioned first frequency conversion part using the 
local signal output from the aforementioned oscillation part as a local oscillation signal and 
outputs it as the aforementioned first signal (or the aforementioned second signal), and a fourth 
frequency conversion part which applies prescribed second frequency conversion to the signal 
output from the aforementioned second frequency conversion part using the local signal output 
from the aforementioned oscillation part as a local oscillation signal and outputs it as the 
aforementioned second signal (or the aforementioned first signal). 

9. The distortion compensation device of Claim 1, in which the aforementioned 
branching/phase-shifting part contains a branching part which branches the aforementioned 
electronic signal into two signals for output, an oscillation part which outputs a first local signal 
with prescribed frequency f u a first frequency conversion part which applies prescribed first 
frequency conversion to one of the signals output from the aforementioned branching part using 
the local signal output from the aforementioned oscillation part as a local oscillation signal, a 
second frequency conversion part which applies prescribed first frequency conversion to the other 
signal output from the aforementioned branching part using the local signal output from the 
aforementioned oscillation part as a local oscillation signal, a third frequency conversion part 
which applies prescribed second frequency conversion to the signal output from the 
aforementioned first frequency conversion part using the local signal output from the 
aforementioned oscillation part as a local oscillation signal and outputs it as the aforementioned 
first signal (or the aforementioned second signal), a phase-shifting part which outputs the local 
signal output from the aforementioned oscillation part after shifting its phase by prescribed phase 
angle 0, and a fourth frequency conversion part which applies prescribed second frequency 
conversion to the signal output from the aforementioned second frequency conversion part using 
the local signal output from the aforementioned phase-shifting part as a local oscillation signal and 
outputs it as the aforementioned second signal (or the aforementioned first signal). 
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10. The distortion compensation device of Claim 1, in which the aforementioned 
branching/phase-shifting part contains an oscillation part which outputs a first local signal with 
prescribed frequency fi, a first frequency conversion part which applies prescribed first frequency 
conversion to the aforementioned electronic signal output from the aforementioned branching part 
using the local signal output from the aforementioned oscillation part as a local oscillation signal, 
a branching part which branches the signal output from the aforementioned first frequency 
conversion part into two signals for output, a second frequency conversion part which applies 
prescribed second frequency conversion to one of the signals output from the aforementioned 
branching part using the local signal output from the aforementioned oscillation part as a local 
oscillation signal and outputs it as the aforementioned first signal (or the aforementioned second 
signal), a phase-shifting part which outputs the local signal output from the aforementioned 
oscillation part after shifting its phase by prescribed phase angle 0, and a third frequency 
conversion part which applies prescribed second frequency conversion to the other signal output 
from the aforementioned branching part using the local signal output from the aforementioned 
phase-shifting part as a local oscillation signal and outputs it as the aforementioned second signal 
(or the aforementioned first signal). 

11. The distortion compensation device of one of Claims 8 through 10, in which the 
aforementioned phase-shifting part outputs said local signal after adding the delay expressed as 

Td = 9/(2* f x ) 

as delay Td equivalent to the aforementioned prescribed phase angle 0 for the local signal with 
prescribed frequency fi output from the aforementioned oscillation part to it. 

12. The distortion compensation device of one of Claims 2 through 6 and 8 through 1 1, in 
which the aforementioned prescribed first frequency conversion is performed by an up-conversion 
system, and the aforementioned prescribed second frequency conversion is performed by a 
down-conversion system. 

13. The distortion compensation device of one of Claims 2 through 6 and 8 through 1 1, in 
which the aforementioned prescribed first frequency conversion is performed by a 
down-conversion system, and the aforementioned prescribed second frequency conversion is 
performed by an up-conversion system. 

14. The distortion compensation device of one of Claims 1 through 13, in which 
aforementioned 0 is 90° or 270° {nil radians or 37i/2 radians). . 

15. The distortion compensation device of Claim 1, in which the aforementioned 
branching-phase-shifting part is made of a 90° branching device which takes the aforementioned 
electronic signal as an input, branches it into first and second signals with the prescribed phase 
difference of 90° (n/2 radians) for output. 



16. The distortion compensation device of Claim 14 or 15, equipped with an out-of-phase 
coupling part which combines the first signal transmitted by the aforementioned transmission part 
with the compensative distortion generated by the aforementioned distortion generating part for 
output in place of the aforementioned coupling part. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a distortion compensation device. More specifically, it 
pertains to a distortion compensation device for suppressing waveform distortion generated 
during the transmission or amplification of an input electronic signal. 

[0002] 
Prior art 

Figure 9 is a block diagram showing the configuration of a conventional distortion 
compensation device. In Figure 9, the distortion compensation device is equipped with 
multi-channel signal source 900, opposite-phase branching part 901, transmission part 909, 
distortion signal generator 910, and coupling part 911. 

[0003] 

In the distortion compensation device with the aforementioned configuration, 
multi-channel signal source 900 outputs a frequency-multiplexed multi-channel signal. Opposite- 
phase branching part 901 branches the multi-channel signal output from multi-channel signal 
source 900 into 2 signals, that is, a first signal and a second signal. More specifically, it carries out 
the branching in such a way that the first signal and the second signal have opposite phase, that is, 
the signals are shifted in phase by 180° (n radians). Transmission part 909 transmits the first signal 
output from opposite-phase branching part 901. Distortion signal generator 910 generates a 
distortion element (referred to as a compensative distortion hereinafter), for example, utilizing the 
non-linearity of the input/output transmission functions of a non-linear electronic device (for 
example, a diode) and extracts it. The configuration of said distortion signal generator 910 is 
described in the literature, such as M. Nazarathy et al. "Progress in Externally Modulated AM 
CATV Transmission Systems," JLT, Vol. 1.11, No. 1, January 1993. Coupling part 911 combines 
the first signal from transmission part 909 with the tertiary compensative distortion from 
distortion signal generator 910 for output. Furthermore, respective propagation delays 
(propagation times) in the path which extends from opposite-phase branching part 901 to 
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coupling part 91 1 through transmission part 909 and the path which extends to coupling part 91 1 
through distortion signal generator 910 are made equal. 

[0004] 

In general, a distortion element (this is called a non-linear distortion) generated by an 
electronic signal due to the tertiary non-linearity of an amplification system is in-phase or out-of- 
phase with the original electronic signal (referred to as the original signal hereinafter). For 
example, the phasor diagram of Figure 10 shows the non-linear distortion to be in-phase. On the 
other hand, in the case of the distortion compensation device shown in Figure 9, the second signal 
with opposite phase to the first signal is input to distortion signal generator 910 to generate the 
tertiary compensative distortion signal, which is combined in-phase with the first signal. As a 
result, the phase relationship between the tertiary compensative distortion and the original signal 
(the first signal) is opposite to the phase relationship between the non-linear distortion generated 
by the amplification system and the original signal. That is, as shown by the phasor diagram in 
Figure 1 1, the tertiary compensative distortion signal generated by distortion signal generator 910 
is out of phase with the original signal. 

[0005] 

As described above, the compensative distortion generated by the present distortion 
compensation device shows an out of phase with respect to the tertiary non-linear distortion 
generated due to the non-linearity of the input/output functions of the amplifier. Furthermore, in 
the case of the conventional distortion compensation device shown in Figure 9, when the 
amplitude of said tertiary compensative distortion is controlled to achieve its optimum level, the 
tertiary non-linear distortion and the tertiary compensative distortion offset each other, and a 
waveform with little distortion can be regenerated as a result. Furthermore, the explanation 
assumed that the conventional distortion compensation as shown in Figure 9 device was to 
compensate the tertiary non-linear distortion, and it can easily be applied to the compensation of 
secondary non-linear distortion when distortion signal generator 910 is configured to generate a 
secondary compensative distortion. 

[0006] 

Problem to be solved by the invention 

However, as shown in Figure 12, because a group delay distortion in the case of an FM 
(frequency modulation) signal transmission and a linear distortion, such as a wavelength 
dispersion distortion, in the case of an optical transmission have a phase of ±90° or so with 
respect to the original signal, offsetting and suppression of said linear distortion are impossible 
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with the conventional distortion compensation device which generates an out-of-phase or an 
in-phase compensative distortion with respect to the original signal. Alternatively, when the 
respective propagation delays in the path which extends from opposite phase branching part 901 
to coupling part 91 1 through transmission part 909 and the path which extends to coupling part 
91 1 through distortion signal generator 910 are appropriately controlled, the compensative 
distortion can be suppressed at a specific frequency only by setting it out of phase with the linear 
distortion. However, it is impossible to maintain such an out-of-phase relationship over a wide 
band. Thus, there was the problem that linear distortion generated during the transmission of a 
wide-band electronic signal, such as a multi-channel signal, was difficult to compensate for. 

[0007] 

Accordingly, the purpose of the present invention is to present a distortion compensation 
device capable of offsetting and suppressing distortion with an arbitrary phase relationship with 
respect to the original signal. 

[0008] 

Means to solve the problem and effects of the invention 

The first invention is a distortion compensation device for suppressing waveform 
distortion generated during the transmission or amplification of an electronic signal, equipped 
with a branching/phase-shifting part which takes the electronic signal as an input and branches it 
into first and second signals with prescribed phase difference 9 for output, a transmission part 
which transmits the first signal output from the branching/phase-shifting part, a distortion 
generating part having non-linear input/output transmission functions which takes the second 
signal output from the branching/phase- shifting part as an input and generates distortion of a 
prescribed order (referred to as a compensative distortion hereinafter), and a coupling part which 
combines the first signal transmitted by the transmission part with the compensative distortion of 
the prescribed order generated by the distortion generating part for output. 

[0009] 

In the aforementioned first invention, the branching/phase-shifting part branches the 
electronic signal into two and generates first and the second signals with a prescribed phase 
difference 0. Because the compensative distortion generated by the distortion generating part 
from the second signal maintains phase difference 0 with respect to the first signal regardless of 
the phase difference a distortion element generated in the transmission system may have with 
respect to the electronic signal (the original signal), it can be suppressed and offset by controlling 
phase difference 0 between the first signal and the second signal to its optimum level at the IS 
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branching/phase-shifting part. 
[0010] 

In the case of the second invention, in the distortion compensation device of the first 
invention, the branching/phase-shifting part contains a branching part which branches the 
electronic signal into two signals for output, a first oscillation part which outputs a first local 
signal with prescribed frequency fi, a first frequency conversion part which applies prescribed first 
frequency conversion to one of the signals output from the branching part using the first local 
signal output from the first oscillation part as a local oscillation signal, a phase-shifting part which 
outputs the first local signal output from the first oscillation part after shifting its phase by 
prescribed phase angle 0, a second frequency conversion part which applies prescribed first 
frequency conversion to the other signal output from the branching part using the first local signal 
output from the phase-shifting part as a local oscillation signal, a second oscillation part which 
outputs a second local signal with prescribed frequency f 2 , a third frequency conversion part 
which applies prescribed second frequency conversion to the signal output from the first 
frequency conversion part using the second local signal output from the second oscillation part as 
a local oscillation signal and outputs it as the first signal (or the second signal), and a fourth 
frequency conversion part which applies prescribed second frequency conversion to the signal 
output from the second frequency conversion part using the second local signal output from the 
second oscillation part as a local oscillation signal and outputs it as the second signal (or the first 
signal). 

[0011] 

In the aforementioned second invention, as the configuration for generating the first signal 
and the second signal with arbitrary phase difference 0 in the first invention, after the electronic 
signal is branched into two signals, the prescribed first frequency and the prescribed second 
frequency conversion are applied to the respective signals. At this time, the first local signal is 
used as it is as the local oscillation signal used for the application of the prescribed first frequency 
conversion to one of the two branched signals, and the signal shifted by prescribed phase angle 0 
from the first local signal is used as the local oscillation signal used for the application of the 
prescribed first frequency conversion to the other signal. In addition, the same second local signal 
is used as the local oscillation signals used for the applications of the prescribed second frequency 
conversions to the signals. As a result, the phase difference between the first signal and the second 
signal after the second frequency conversions matches phase difference 0 between the signals used 
as the local oscillation signals for the respective first frequency conversions, so that a first signal 
and a second signal with arbitrary phase difference 0 can be generated as desired. 
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[0012] 

In the case of the third invention, in the distortion compensation device of the first 
invention, the branching/phase-shifting part contains a branching part which branches the 
electronic signal into 2 signals for output, a first oscillation part which outputs a first local signal 
with prescribed frequency fi, a first frequency conversion part which applies prescribed first 
frequency conversion to one of the signals output from the branching part using the first local 
signal output from the first oscillation part as a local oscillation signal, a second frequency 
conversion part which applies prescribed second frequency conversion to the other signal output 
from the branching part using the first local signal output from the first oscillation part as a local 
oscillation signal, a second oscillation part which outputs a second local signal with prescribed 
frequency ^ a third frequency conversion part which applies prescribed second frequency 
conversion to the signal output from the first frequency conversion part using the second local 
signal output from the second oscillation part as a local oscillation signal and outputs it as the first 
signal (or the second signal), a phase-shifting part which outputs the second local signal output 
from the second oscillation part after shifting its phase by prescribed phase angle 0, and a fourth 
frequency conversion part which applies prescribed second frequency conversion to the signal 
output from the second frequency conversion part using the second local signal output from the 
phase-shifting part as a local oscillation signal and outputs it as the second signal (or the first 
signal). 

[0013] 

In the aforementioned third invention, as the configuration for generating the first signal 
and the second signal with arbitrary phase difference 9 in the first invention, after the electronic 
signal is branched into two signals, the prescribed first frequency conversion and the prescribed 
second frequency conversion are applied the respective signals. At this time, the same first local 
signal is used as the local oscillation signal for the application of the prescribed first frequency 
conversion to the signals. In addition, the second local signal is used as is as the local oscillation 
signal used for the application of the second frequency conversion to one of the two branched 
signals, and the signal shifted by prescribed phase angle 0 from the second local signal is used as 
the local oscillation signal used for the application of the prescribed second frequency conversion 
to the other signal. As a result, the phase difference between the first signal and the second signal 
after the second frequency conversions matches phase difference 0 between the signals used as the 
local oscillation signals for the respective second frequency conversions, so that first signal and 
second signals with arbitrary phase difference 0 can be generated as desired. 
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[0014] 

In the case of the fourth invention, in the distortion compensation device of the first 
invention, the branching/phase-shifting part contains a first oscillation part which outputs a first 
local signal with prescribed frequency fi, a first frequency conversion part which applies 
prescribed first frequency conversion to the electronic signal using the first local signal output 
from the first oscillation part as a local oscillation signal, a branching part which branches the 
signal output from the first frequency conversion part into two signals for output, a second 
oscillation part which outputs a second local signal with prescribed frequency f 2 , a second 
oscillation part which applies prescribed second frequency conversion to one of the signals output 
from the branching part using the second local signal output from the second oscillation part as a 
local oscillation signal and outputs it as the first signal (or the second signal), a phase-shifting part 
which outputs the second local signal output from the second oscillation part after shifting its 
phase by prescribed phase angle 9, and a third frequency conversion part which applies prescribed 
second frequency conversion to the other signal output from the branching part using the second 
local signal output from the phase-shifting part as a local oscillation signal and outputs it as the 
second signal (or the first signal). 

[0015] 

In the aforementioned fourth invention, as the configuration for generating the first signal 
and the second signal with arbitrary phase difference 0 in the first invention, after the electronic 
signal is applied with the prescribed first frequency conversion and is branched into two signals, 16 
the prescribed second frequency conversion is applied to the respective signals. At this time, the 
second local signal is used unmodified as the local oscillation signal used for the application of the 
prescribed second frequency conversion to one of the 2 branched signals, and the signal shifted by 
prescribed phase angle 0 from the second local signal is used as the local oscillation signal used 
for the application of the prescribed second frequency conversion to the other signal. As a result, 
the phase difference between the first signal and the second signal after the second frequency 
conversions matches phase difference 0 between the signals used as the local oscillation signals 
for the respective second frequency conversions, so that a first signal and a second signal with 
arbitrary phase difference 0 can be generated as desired. 

[0016] 

The fifth invention is characterized in that in the distortion compensation device of the 
second invention, the phase-shifting part outputs said first local signal after the delay Td has been 
added, where 

Td = 0/(2?t f x ) 
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which is equivalent to the prescribed phase angle 0 for the first local signal with prescribed 
frequency fi output from the first oscillation part. 

[0017] 

The sixth invention is characterized in that the phase-shifting part of the third and fourth 
inventions outputs said second local signal after the delay Td has been added, where 

Td = 0/(2* f 2 ) 

which is equivalent to the aforementioned prescribed phase angle 0 for the second local signal 
with prescribed frequency f 2 output from the aforementioned second oscillation part. 

[0018] 

In the aforementioned fifth and the sixth inventions, the phase-shifting part can be easily 
configured using a constitution in which the delay Td where 

Td = 0/(2* f x ) 

is added to the xth local signal in order to output the xth local signal at prescribed frequency f x (x 
is 1 or 2) shifted by the prescribed phase angle 0. 

[0019] 

The seventh invention is characterized in that it is in one of the distortion compensation 
devices of inventions 2 through 6, wherein prescribed frequency fi and prescribed frequency f 2 are 
equal. 

[0020] 

In the aforementioned seventh invention, because the frequency band occupied by the first 
signal and the second signal after the first frequency conversion and the second frequency 
conversion matches the frequency band occupied by the original electronic signal when frequency 
fi of the first local signal and frequency f 2 of the second local signal are set equal to each other, 
the transmission system can be designed more easily. 

[0021] 

In the case of the eighth invention, in the distortion compensation device of the first 
invention, the branching/phase-shifting part contains a branching part which branches the 
electronic signal into two signals for output, an oscillation part which outputs a first local signal 
with prescribed frequency ft, a first frequency conversion part which applies prescribed first 
frequency conversion to one of the signals output from the branching part using the local signal 
output from the oscillation part as a local oscillation signal, a phase-shifting part which outputs 
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the local signal output from the oscillation part after shifting its phase by prescribed phase angle 0, 
a second frequency conversion part which applies prescribed first frequency conversion to the 
other signal output from the branching part using the local signal output from the phase-shifting 
part as a local oscillation signal, a third frequency conversion part which applies prescribed second 
frequency conversion to the signal output from the first frequency conversion part using the local 
signal output from the oscillation part as a local oscillation signal and outputs it as the first signal 
(or the second signal), and a fourth frequency conversion part which applies prescribed second 
frequency conversion to the signal output from the second frequency conversion part using the 
local signal output from the oscillation part as a local oscillation signal and outputs it as the 
second signal (or the first signal). 

[0022] 

In the aforementioned eighth invention, as the configuration for generating the first signal 
and the second signal with arbitrary phase difference 0 in the first invention, the same first 
frequency conversion and the second frequency conversion as those in the second invention are 
applied to the respective two signals branched from the electronic signal using local signals from a 
single oscillation part. As a result, the frequency band occupied by the first signal and the second 
signal can be perfectly and easily matched to the frequency band occupied by the original 
electronic signal. Thus, the transmission system can be designed more easily, and the 
configuration of the branching/phase-shifting part can be simplified to reduce the cost. 

[0023] 

In the case of the ninth invention, in the distortion compensation device of the first 
invention, the branching/phase-shifting part contains a branching part which branches the 
electronic signal into two signals for output, an oscillation part which outputs a first local signal 
with prescribed frequency ft, a first frequency conversion part which applies prescribed first 
frequency conversion to one of the signals output from the branching part using the local signal 
output from the oscillation part as a local oscillation signal, a second frequency conversion part 
which applies prescribed first frequency conversion to the other signal output from the branching 
part using the local signal output from the oscillation part as a local oscillation signal, a third 
frequency conversion part which applies prescribed second frequency conversion to the signal 
output from the first frequency conversion part using the local signal output from the oscillation 
part as a local oscillation signal and outputs it as the first signal (or the second signal), a 
phase-shifting part which outputs the local signal output from the oscillation part after shifting its 
phase by prescribed phase angle 0, and a fourth frequency conversion part which applies 
prescribed second frequency conversion to the signal output from the second frequency 



14 



conversion part using the local signal output from the phase-shifting part as a local oscillation 
signal and outputs it as the second signal (or the first signal). 

[0024] 

In the aforementioned ninth invention, as the configuration for generating the first signal 
and the second signal with arbitrary phase difference 9 in the first invention, the same first 
frequency conversion and the second frequency conversion as those in the third invention are 
applied to the respective two signals branched from the electronic signal using local signals from a 
single oscillation part. As a result, the frequency band occupied by the first signal and the second 
signal can be easily and perfectly matched to the frequency band occupied by the original 
electronic signal. Thus, the transmission system can be designed more easily, and the 11 
configuration of the branching/phase-shifting part can be simplified to reduce the cost. 

[0025] 

In the case of the tenth invention, in the distortion compensation device of the first 
invention, the branching/phase-shifting part contains an oscillation part which outputs a first local 
signal with prescribed frequency fi, a first frequency conversion part which applies prescribed first 
frequency conversion to the electronic signal output from the branching part using the local signal 
output from the oscillation part as a local oscillation signal, a branching part which branches the 
signal output from the first frequency conversion part into two signals for output, a second 
frequency conversion part which applies prescribed second frequency conversion to one of the 
signals output from the branching part using the local signal output from the oscillation part as a 
local oscillation signal and outputs it as the first signal (or the second signal), a phase-shifting part 
which outputs the local signal output from the oscillation part after shifting its phase by prescribed 
phase angle 9, and a third frequency conversion part which applies prescribed second frequency 
conversion to the other signal output from the branching part using the local signal output from 
the phase-shifting part as a local oscillation signal and outputs it as the second signal (or the first 
signal). 

[0026] 

In the aforementioned tenth invention, as the configuration for generating the first signal 
and the second signal with arbitrary phase difference 9 in the first invention, the same first 
frequency conversion and the second frequency conversion as those in the fourth invention are 
applied to the respective two signals branched from the electronic signal using local signals from a 
single oscillation part. As a result, the frequency band occupied by the first signal and the second 
signal can be easily and perfectly matched to the frequency band occupied by the original 
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electronic signal easily. Thus, the transmission system can be designed more easily, and the 
configuration of the branching/phase-shifting part can be simplified to reduce the cost. 

[0027] 

The eleventh invention is characterized in that it is one of the distortion compensation 
devices of inventions 8 through 10, the phase-shifting part outputs said local signal after delay Td 
has been added, where 

Td = 0/(2tc fO 

which is equivalent to the prescribed phase angle 9 for the local signal with prescribed frequency 
fi output from the oscillation part. 

[0028] 

In the aforementioned eleventh invention, the phase-shifting part can be easily configured 
using a configuration in which delay Td is added to the local signal, where 

Td = 9/(2tc fi) 

in order to output the local signal at prescribed frequency fi shifted by prescribed phase angle 0. 
[0029] 

The twelfth invention is characterized in that it is one of the distortion compensation 
device of inventions 2 through 6 and 8 through 1 1, wherein the prescribed first frequency 
conversion is performed by an up-conversion system, and the prescribed second frequency 
conversion is performed by a down-conversion system. 

[0030] 

The thirteenth invention is characterized in that it is one of the distortion compensation 
devices of inventions 2 through 6 and 8 through 11, wherein the prescribed first frequency 
conversion is performed by a down-conversion system, and the prescribed second frequency 
conversion is performed by an up-conversion system. 

[0031] 

In the aforementioned twelfth invention, an up-conversion system which converts an 
electronic signal with frequency f into frequency f + fi is adopted for the prescribed first frequency 
conversion, and a down-conversion system for conversion into frequency |f + fi - fi| is adopted 
for the prescribed second frequency conversion. In addition, in the aforementioned thirteenth 
invention, a down-conversion system which converts an electronic signal with frequency f into 
frequency |f - fi| is adopted for the prescribed first frequency conversion, and an up-conversion 
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system for conversion into frequency |f - fi| + fi is adopted for the prescribed second frequency 
conversion. Because the frequency band occupied by the first signal and the second signal after 
the first frequency conversion and the second frequency conversion need not be changed 
significantly with respect to the frequency band occupied by the original electronic signal, or 
because it is perfectly matched to the frequency band occupied by the original electronic signal, as 
a result, the transmission system can be designed more easily. 

[0032] 

The fourteenth invention is characterized in that it is one of the distortion compensation 
devices of inventions 1 through 13, wherein 9 is 90° or 270° {nil radians or 3tt/2 radians). 

[0033] 

Group delay distortion in the case of an FM (frequency modulation) signal transmission 
and linear distortion, such as wavelength dispersion distortion in the case of optical transmission, 
have a phase shift of +90° or -90° with respect to the original signal to be transmitted. In the 
aforementioned fourteenth invention, the phase difference of the compensative distortion with 
respect to the original signal (the first signal) is set to ±90° by setting the phase difference 
between the first signal and the second signal to 270° or 90° in order to realize distortion 
compensation corresponding specifically to the aforementioned linear distortion. 

[0034] 

In the case of the fifteenth invention, in the device of the first invention, the 
branching-phase-shifting part is made of a 90° branching device which takes the electronic signal 
as an input, branches it into first and second signals with the prescribed phase difference of 90° 
(n/2 radians) for output. 

[0035] 

In the case of the fifteenth invention, distortion compensation specific to linear distortion 
can be realized using a simpler configuration involving a 90° branching device (coupler) with 
which phase difference 0 between the first signal and the second signal becomes 90°. 

[0036] 

In the case of the sixteenth invention, in invention 14 or 15, it is equipped with an out-of- 
phase coupling part which combines the first signal transmitted by the transmission part with the 
compensative distortion generated by the distortion generating part for output in place of the 
coupling part. 
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[0037] 

In the sixteenth invention, the original signal (the first signal) and the compensative 
distortion signal are combined out of phase so as to set the phase difference of the compensative 
distortion with respect to the original signal to 90° or -90°, so that a distortion compensation 
which can cope with the linear distortion more flexibly can be realized. 

[0038] 

Embodiments of the invention 

Figure 1 is a block diagram showing the configuration of a distortion compensation device 
pertaining to a first embodiment of the present invention. In Figure 1, the distortion 
compensation device is equipped with multi-channel signal source 100, branching part 101, first 
oscillation part 102, phase-shifting part 103, first frequency conversion part 104, second 
frequency conversion part 105, second oscillation part 106, third frequency conversion part 107, 
fourth frequency conversion part 108, transmission part 109, distortion signal generator 110, and 
coupling part 111. Branching part 101; first and second oscillation parts 102 and 106; 
phase-shifting part 103; and first, second, third, and fourth frequency conversion parts 104, 105, 
107, and 108 constitute branching/phase-shifting part 1000. 

[0039] 

Next, operations of the distortion compensation device shown in Figure 1 will be 
explained. Multi-channel signal source 100 outputs a multi-channel signal which occupies a 
frequency-multiplexed wide frequency area as an electronic signal to be applied with the distortion 
compensation. Branching part 101 branches the electronic signal output from multi-channel signal 
source 100 into two signals. First oscillation part 102 outputs a first local signal with frequency ft. 
First frequency conversion part 104 applies prescribed first frequency conversion to one of the 
signals output from branching part 101 for output using the first local signal output from first 
oscillation part 102. If the first local signal is 

cos {271 ftt} ... (1), 

and the electronic signal output from multi-channel signal source 100 or the electronic signal 
output from branching part 101 is a 1 -channel signal represented by 

cos {27i ft} ... (2) 

while adopting the up-conversion system for the prescribed first frequency conversion, a signal 
represented by 

0.5 cos {2tc (f+ft)t} ... (3) 
is output from first frequency conversion part 104. 
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[0040] 

Phase-shifting part 103 shifts the phase of the first local signal output from first oscillation 
part 102 by prescribed phase angle 9. Second frequency conversion part 105 applies prescribed 
first frequency conversion to the other signal output from branching part 101 using the first local 
signal output from phase-shifting part 103 as a local oscillation signal for output. Because said 
first local signal output from phase-shifting part 103 is 

cos {2ti f x t + 9} ... (4), 
the second signal output from second frequency conversion part 105 can be 

0.5 cos {2n (f+f,)t + 6} ... (5). 

[0041] 

Second oscillation part 106 outputs a second local signal with frequency f 2 . Third 
frequency conversion part 107 and fourth frequency conversion part 108 apply prescribed second 
frequency conversion to the signals output from first frequency conversion part 104 and second 
frequency conversion part 105 using the second local signal output from second oscillation part 
106 and output them as the first signal and the second signal. When the second local signal is 

cos {27cf 2 t + 9} ... (6), 
and the down-conversion system is further adopted for the prescribed second frequency 
conversion, the first signal output from third frequency conversion part 107 can be represented by 

0.25 cos {2ti (f+fi-f 2 )t) ... (7), 
and the second signal output from fourth frequency conversion part 108 by 

0.25 cos {2n (f + ft - f 2 ) t + 9} . . . (8). 

[0042] 

Transmission part 109 transmits the first signal, and distortion signal generator 1 10 has the 
configuration explained under the Prior art so as to generate a distortion component (referred to 
as compensative distortion hereinafter) of a prescribed order using the second signal. Coupling 
part 1 1 1 combines the first signal transmitted by transmission part 109 with the compensative 
distortion generated by distortion signal generator 1 10 for output. 

[0043] 

As explained above, in the first embodiment, the prescribed first frequency conversion is 
applied to one of the two branched signals using the first local signal as it is as the local oscillation 
signal. The prescribed first frequency conversion is applied to the other using the signal obtained 
by shifting the first local signal by prescribed phase angle 9. Second prescribed frequency is 



applied to the 2 signals already applied with said first frequency conversion using the same local 
oscillation signal (the second local signal). As it is clear when Equations (7) and (8) above are 
compared, the first signal and the second signal, each containing phase difference 0, are output 
from branching/phase-shifting part 1000 as a result. Said phase difference 0 can be set arbitrarily 
by adjusting phase angle 0 needed for phase-shifting part 103 to shift the first local signal. For 
example, when distortion signal generator 110 generates a compensative distortion in-phase with 
the second signal as shown in Figure 2, said compensative distortion has phase difference 0 with 
respect to the first signal. Thus, as coupling part 1 1 1 couples said compensative distortion with 
the first signal (the original signal) for output, the present distortion compensation device can 
generate a compensative distortion with signal arbitrary phase with which a distortion component 
with any phase generated with respect to the original signal by the transmission system can be 
offset. In addition, although the explanation given above assumed that the electronic signal output 
from multi-channel signal source 100 or the electronic signal output from branching part 101 was 
a 1 -channel signal, as is clear with reference to aforementioned Equations (1) through (8), even in 
the case of a multi-channel signal, the first signal and the second signal have a phase difference 0 
over the entire frequency band occupied. As a result, distortion with an arbitrary phase 
relationship with respect to the original signal can be offset/suppressed across a wide frequency 
band. 

[0044] 

In addition, when phase difference 0 is set to 90° or 270°, phase difference 0 of the 
compensative distortion with respect to the original signal (the first signal) becomes ±90°. As a 
result, a compensative distortion signal corresponding to the linear distortion generated by the 
270° or 90° phase relationship with respect to the original signal can be generated. Furthermore, 
when the down-conversion system is adopted for the prescribed first frequency conversion, and 
the up-conversion system is adopted for the prescribed second frequency conversion, the same 
effect can also be achieved. 

[0045] 

Figure 3 is a block diagram showing the configuration of a distortion compensation device 
pertaining to a second embodiment of the present invention. In Figure 3, although the distortion 
compensation device comprises the same components as those of the distortion compensation 
device shown in Figure 1, it is different in that it involves somewhat different component 
connections. Thus, the same components in Figure 3 as those components shown Figure 1 are 
assigned the same reference numbers, and the focus will be placed on this difference in the 
following explanation. 
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[0046] 

Multi-channel signal source 100 outputs a multi-channel signal. Branching part 101 
branches the electronic signal output from multi-channel signal source 100 into 2. First oscillation 
part 102 outputs a first local signal at frequency fi. First frequency conversion part 104 and 
second frequency conversion part 105 apply prescribed first frequency conversion to one and the 
other signals output from branching part 101 using the first local signal output from first 
oscillation part 102 as a local oscillation signal for output. Second oscillation part 106 outputs a 
second local signal with frequency f2. Third frequency conversion part 107 applies prescribed 
second frequency conversion to the signal output from first frequency conversion part 104 using 
the second local signal output from second oscillation part 106 as a local oscillation signal and 
outputs it as a first signal. Phase-shifting part 103 shifts the phase of the second local signal 
output from second oscillation part 106 by prescribed phase angle 0. Fourth frequency conversion 
part 108 applies prescribed second frequency conversion to the signal output from second 
frequency conversion part 105 using the second local signal output from phase-shifting part 103 
as a local oscillation signal and outputs it as a second signal. Transmission part 109 transmits the 
first signal, and distortion signal generator 110 generates a compensative distortion signal from 
the second signal. Coupling part 1 1 1 combines the first signal transmitted by transmission part 
109 with the compensative distortion signal generated by distortion signal generator 1 10 for 
output. 

[0047] 

As explained above, in the second embodiment, after the prescribed first frequency 
conversion is applied to the respective two branched electronic signals using the same local 
oscillation signal (the first local signal), the prescribed second frequency conversion is applied 
using the local oscillation signal (the second local signal) with prescribed phase difference 0 in 
order to output the first signal and the second signal with phase difference 0 . 

[0048] 

Figure 4 is a block diagram showing the configuration of a distortion compensation device 
pertaining to a third embodiment of the present invention. In Figure 4, the distortion 
compensation device is different from the distortion compensation device shown in Figure 3 in 
that it is equipped with only three frequency conversion parts, and it involves somewhat different 
component connections. Furthermore, attention should be drawn to the fact that because the 
second frequency conversion part shown in Figure 4 corresponds to the third frequency 
conversion part shown in Figure 3, they are assigned the same reference number, that is, 107, and 
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that because the third frequency conversion part shown in Figure 4 corresponds to the fourth 
frequency conversion part shown in Figure 3, they are assigned the same reference number, that is, 
108. In addition, of the other components shown in Figure 4, those which are identical to the 
components shown in Figure 3 are assigned the same reference numbers; and the focus will be 
placed on these differences in the following explanation. 

[0049] 

First oscillation part 102 outputs a first local signal at frequency ft. First frequency 
conversion part 104 applies prescribed first frequency conversion to the multi-channel signal 
output from multi-channel signal source 100 using the first local signal (frequency ft) output from 
first oscillation part 102 as a local oscillation signal for output. Branching part 101 branches the 
electronic signal output from first frequency conversion part 104 into two signals. Second 
oscillation part 106 outputs a second local signal at frequency f2. Second frequency conversion 
part 107 applies prescribed second frequency conversion to one of the signals output from 
branching part 101 using the second local signal output from second oscillation part 106 as a local 
oscillation signal and outputs it as a first signal. Phase-shifting part 103 shifts the phase of the 
second local signal output from second oscillation part 106 by prescribed phase angle 6. Third 
frequency conversion part 108 applies prescribed second frequency conversion to the other signal 
output from branching part 101 using the second local signal output from phase-shifting part 103 
as a local oscillation signal and outputs it as a second signal. Coupling part 1 1 1 combines the first 
signal transmitted by transmission part 109 with the compensative distortion generated by 
distortion signal generator 1 10 for output. 

[0050] 

As explained above, in the third embodiment, after the prescribed first frequency 
conversion is applied to the multi-channel signal, it is branched into two signals. The prescribed 
second frequency conversion is applied to one of the branched signals using the unmodified 
second local signal as a local oscillation signal, and the prescribed second frequency conversion is 
applied to the other signal using a local oscillation signal with phase difference 0 with respect to 
the second local signal in order to output the first signal and the second signal with phase 
difference 9 over a wide frequency band. Furthermore, in the third embodiment, because the 
number of frequency conversion parts is reduced over the fist and the second embodiments, the 
cost of the distortion compensation device can be reduced. 
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[0051] 

Next, a distortion compensation device pertaining to a fourth embodiment of the present 
invention will be explained. Although the distortion compensation device of the present 
embodiment is neither illustrated nor explained because it has the same configuration and operates 
in the same manner as the distortion compensation device shown in Figure 1, it is 
different in that a concrete form is given to the configuration of phase-shifting part 103. This 
difference will be explained below. Phase-shifting part 103 of the present embodiment delays the 
first local signal input by prescribed delay Td. Said delay Td is defined as 

Td = 9/(27cfi)...(9) 

in correspondence to frequency fi of the first local signal and phase angle 0 to be shifted by 
phase-shifting part 103. When the first local signal represented by aforementioned Equation (1) is 
delayed by aforementioned delay Td, the signal output from phase-shifting part 103 becomes 

cos {2n fi (t + Td)} = cos {2n fi t + 0} ... (10), 
so that a first local signal with phase difference 0 with respect to aforementioned Equation (1) can 
be generated. 

[0052] 

Next, a distortion compensation device pertaining to a fifth embodiment of the present 
invention will be explained. Although the distortion compensation device of the present 
embodiment is neither illustrated nor explained because it has the same configuration and operates 
in the same way as the distortion compensation device shown in Figure 3 or Figure 4, it is 
different in that a concrete form is given to the configuration of phase-shifting part 103 shown in 
Figure 3 or Figure 4. Said difference will be explained below. Phase- shifting part 103 of the 
present embodiment delays the second local signal input by prescribed delay Td. Said delay Td is 
defined as 

Td = 0/(2;cf 2 ) ... (11) 
with respect to frequency f 2 of the second local signal and phase angle 0 to be shifted by 
phase-shifting part 103. When the second local signal represented by aforementioned Equation (6) 
is delayed by aforementioned delay Td, the signal output from phase-shifting part 103 becomes 

cos {2n f 2 (t + Td)} = cos {2n f 2 1 + 0} ... (12), 
so that a second local signal with phase difference 0 with respect to aforementioned Equation (6) 
can be generated. 

[0053] 

Next, a distortion compensation device pertaining to a sixth embodiment of the present 
invention will be explained. Although the distortion compensation device of the present 
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embodiment is neither illustrated nor explained because it has the same configuration and operates 
in the same manner as one of the distortion compensation devices in the aforementioned 
embodiments (Embodiments 1 through 5), it is different in that concrete forms are given to the 
prescribed first frequency conversion and the prescribed second frequency conversion. In the sixth 
embodiment, the up-conversion system is adopted for the prescribed first frequency conversion, 
and the down-conversion system is adopted for the prescribed first frequency conversion. As a 
result, as shown in Figure 5, the frequency band occupied by the first signal output from the 
distortion compensation device can be set close to the frequency band of the electronic signal 
output from multi-channel signal source 100, so that compatibilities (affinities) between 
equipment connected before and after the distortion compensation device and between systems 
can be realized, and system design becomes easier. Furthermore, when the down-conversion 
system is used for the prescribed first frequency conversion, and the up-conversion is used for the 
prescribed second frequency conversion, the same effect can also be attained. 

[0054] 

Figure 6 is a block diagram showing the configuration of a distortion compensation device 
pertaining to a seventh embodiment of the present invention. In Figure 6, the distortion 
compensation device is different from the distortion compensation device shown in Figure 1 in 
that it is not equipped with second oscillation part 106, and in that it involves somewhat different 
component connections. Thus, in Figure 6, the same components as those in the Figure 1 are 
assigned the same reference numbers, and the focus will be placed on these differences in the 
following explanation. Furthermore, because the distortion compensation device shown in 
Figure 6 is equipped with only a single oscillation part, first oscillation part 102 will be simply 
referred to as oscillation part 102. 

[0055] 

The operations of the distortion compensation device shown in Figure 6 will now be 
explained, addressing only the operations different from those of the distortion compensation 
device shown in Figure 1. The first local signal output from oscillation part 102 is input to first 
frequency conversion part 104, phase-shifting part 103, third frequency conversion part 107, and 
fourth frequency conversion part 108. As a result, the frequencies of the local oscillation signals 
used for the first frequency conversion and the second frequency conversion become the same, 
that is, fi. Thus, as shown in Figure 7, the frequency band occupied by the first signal output from 
the distortion compensation device can be perfectly matched to the frequency band of the 
electronic signal output from multi-channel signal source 100, so that better compatibilities 
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(affinities) between equipment connected before and after the distortion compensation device and 
between systems can be realized, so that system design becomes easier. 

[0056] 

Furthermore, as in the seventh embodiment, the method in which the first frequency 
conversion and the second frequency conversion are applied using only the first local signal 
output from first oscillation part 102 can be easily applied to the distortion compensation devices 
shown in Figure 3 and Figure 4 also. In addition, phase-shifting part 103 explained in the seventh 
embodiment is also configured such that delay Td = Q/(2n fi) defined by aforementioned Equation 
(9) is added to the first input local signal 

[0057] 

In the case of the distortion compensation devices pertaining to the first through the 
seventh embodiments, because the distortion element generated with respect to the multi-channel 
signal is compensated over a wide band, the first frequency conversion and the second frequency 
conversion are applied using local oscillation signals with the same frequency but having phase 
difference 0 in order to generate the second signal. However, when the multi-channel signal has a 
frequency band narrower than those of the multi-channel signals in the first through the seventh 
embodiments, a distortion compensation device pertaining to the eighth embodiment given below 
can also be applied. 

[0058] 

Figure 8 is a block diagram of a distortion compensation device pertaining to an eighth 
embodiment of the present invention. In Figure 8, the distortion compensation device is different 
from the distortion compensation device shown in Figure 1 in that it is equipped with a 90° 
branching device 801 in place of branching/phase-shifting part 1000. Because the other parts are 
identical, the applicable parts are assigned the same reference numbers, and their explanation will 
be thereby simplified. Furthermore, opposite-phase coupling part 81 1 may be provided in place /l 1 

of coupling part 1 1 1 depending on the phase relationship of the linear distortion (+90° or -90°) 
generated by the transmission system with respect to the first signal (the original signal). 

[0059] 

Next, operations of the distortion compensation device shown in Figure 8 will be 
explained. 90° branching device 801 takes the multi-channel signal output from multi-channel 
signal source 100 as an input and branches it into two electronic signals (a first signal and a 
second signal) with phase difference 9 of 90° for output. Coupling part 1 1 1 combines the first 
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signal transmitted by transmission part 109 with a compensative distortion signal generated by 
distortion signal generator 1 10 for output. In addition, when opposite-phase coupling part 81 1 is 
used in place of coupling part 111, opposite-phase coupling part 811 combines the first signal 
with the compensative distortion signal with opposite phase for output. 

[0060] 

As explained above, in the eighth embodiment, the first signal and the second signal with 
phase difference 9 of 90° is generated using a simple configuration, and a compensative distortion 
signal with phase difference of 90° with respect to the first signal is generated easily as a result. 
The compensative distortion signal with phase difference of +90° or -90° can be generated by 
combining said compensative distortion signal with the first signal by coupling part 1 1 1 or 
opposite-phase coupling part 81 1, so that a distortion compensation device capable of effectively 
and flexibly handling linear distortion, and wavelength dispersion distortion during optical 
transmission in particular. 

Brief description of the figures 

Figure 1 is a block diagram showing the configuration of the distortion compensation 
device pertaining to a first embodiment of the present invention. 

Figure 2 is a phasor diagram for illustrating the phase relationship between the first signal 
and the compensating distortion signal of the distortion compensation device of Figure 1. 

Figure 3 is a block diagram showing the configuration of the distortion compensation 
device pertaining to the second embodiment of the present invention. 

Figure 4 is a block diagram showing the configuration of the distortion compensation 
device pertaining to the third embodiment of the present invention. 

Figure 5 is a schematic diagram for illustrating the occupied frequency band of the 
distortion compensation device pertaining to the sixth embodiment of the present invention. 

Figure 6 is a block diagram showing the configuration of the distortion compensation 
device pertaining to the seventh embodiment of the present invention. 

Figure 7 is a schematic diagram for illustrating the occupied frequency band of the 
distortion compensation device pertaining to the seventh embodiment of the present invention. 

Figure 8 is a block diagram showing the configuration of the distortion compensation 
device pertaining to the eighth embodiment of the present invention. 

Figure 9 is a block diagram showing the configuration of the conventional distortion 
compensation device. 

Figure 10 is a phasor diagram for illustrating the phase relationship between the tertiary 
non-linear distortion signal generated by the amplification system and the original signal. 
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Figure 1 1 is a phasor diagram for illustrating the phase relationship between the tertiary 
non-linear distortion (compensating distortion) signal generated by the distortion compensation 
device and the original signal. 

Figure 12 is a schematic diagram for illustrating the phase relationship between the linear 
distortion signal generated by the transmission system and the original signal. 

Explanation of the symbols 

100 Signal source 

101 Branching part 

102 First oscillation part 

103 Phase-shifting part 

104 First frequency conversion part 

105 Second frequency conversion part 

106 Second oscillation part 

107 Third frequency conversion part; second frequency conversion part shown in Figure 4 

108 Fourth frequency conversion part; third frequency conversion part shown in Figure 4 

1 09 Transmission part 

1 10 Distortion signal generating part 

1 1 1 Coupling part 

1000 Branching/phase-shifting part 

801 90° branching device 

8 1 1 Opposite-phase coupling part 

*£CC 

f / , 

103 103 




Figure 1 



Multi-channel signal source 
Phase-shifting part 
First frequency conversion part 
Second frequency conversion part 
Third frequency conversion part 



Key: 100 
103 
104 
105 
107 



Key: 



108 
110 
1000 



Key: 1 
2 
3 



100 
103 
104 
105 
107 
108 
110 
1000 



Fourth frequency conversion part 
Distortion signal generating part 
Branching/phase-shifting part 



© 



iser- 



© 



© 



27tf 

Figure 2 



Second signal 
Compensative distortion 
First signal (original signal) 




Figure 3 



Multi-channel signal source 
Phase-shifting part 
First frequency conversion part 
Second frequency conversion part 
Third frequency conversion part 
Fourth frequency conversion part 
Distortion signal generating part 
Branching/phase-shifting part 
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Figure 4 

Key: 100 Multi-channel signal source 

1 03 Phase-shifting part 

104 First frequency conversion part 

107 Third frequency conversion part 

1 08 Fourth frequency conversion part 
1 1 0 Distortion signal generating part 
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Figure 5 



Key: (a) Electronic signal from multi-channel signal source 

(b) Signal after first frequency conversion 

(c) Signal after second frequency conversion 
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Figure 6 

Key: 100 Multi-channel signal source 

103 Phase-shifting part 

104 First frequency conversion part 

105 Second frequency conversion part 

107 Third frequency conversion part 

108 Fourth frequency conversion part 
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Figure 7 



Key: (a) Electronic signal from multi-channel signal source 

(b) Signal after first frequency conversion 

(c) Signal after second frequency conversion 
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Figure 8 
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Figure 10 
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Figure 1 1 
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Key: 1 Original signal (first signal) 

2 Tertiary distortion (compensative distortion) 
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Figure 12 
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